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V alvular heart disease (VHD) is a common cause of morbidity and mortality in developing and industrialized countries (1, 2) .
Aortic stenosis (AS) and primary mitral regurgitation (MR) are the 2 most common types of VHD (3, 4) .
The prevalence of these diseases increases sharply with age, due to the increasing burden of degenerative etiologies seen with gradual increase in life expectancy.
The assessment of myocardial function in the context of VHD remains highly challenging. Current guidelines (3, 4) recommend valve replacement/repair in cases of severe VHD that cause symptoms or reduced left ventricular ejection fraction (LVEF), but LVEF is often unable to disclose initial LV dysfunction in these patients. Assessment of LV deformation using echocardiography or cardiac magnetic resonance (CMR) allows for the dynamic imaging of the heart and provides a window to study regional and global LV function. Between these 2 techniques, CMR is costly, not easily available, and not feasible for routine clinical application in all patients (5,6).
Echocardiographic techniques such as tissue Doppler imaging (TDI) are widely available and allow for the measurement of tissue velocities within the myocardium and the assessment of LV function and filling pressures (7) . However, TDI is largely angledependent, and it only measures a single component of the regional velocity vector along the scan line (8) . Speckle tracking echocardiography (STE) is a relatively newer technique that provides nonDoppler, relatively angle-independent measurement of myocardial deformation and LV systolic and diastolic dynamics (8, 9) . By estimating spatial gradients in myocardial velocities between features (i.e., the "speckles") oriented in the same plane and at a known distance apart, STE allows for the semiautomated quantification of myocardial deformation (strain and strain rate) in the 3 spatial directions (longitudinal, radial, and circumferential) and a concomitant evaluation of LV mechanics, rotation, and torsion (8, (10) (11) (12) . Such an approach in assessing the components of LV contraction is important because subclinical LV dysfunction is related to alterations in the structurefunction relationship and can manifest in $1 direction before the development of abnormalities on conventional measures of LV performance, such as LVEF (13) . Although STE is particularly suited for the estimation of systolic function, strain parameters are all partially load-dependent (14) . Some studies based on complex mathematical models have shown that peak strain values increase with increasing pre-load as long as contractile function is preserved, whereas peak systolic strain decreases both with increasing ventricular size and afterload (15, 16) . With respect to strain, strain rate is less dependent on pre-load and afterload, being closest to a representation of regional contractile function (15, 16) . Nevertheless, strain rate curves are highly dependent on insonation methodology and acquisition frame. Strain rate curves can be noisy (12) and therefore diffi- 
PRIMARY MITRAL REGURGITATION
Degenerative MR (valve prolapses or flail leaflets) is a common and progressive valve disease that is difficult to manage. Current recommendations (3, 4) advocate surgery in symptomatic patients with severe MR or in asymptomatic patients with early signs of LV systolic dysfunction (LVEF <60%; endsystolic diameter [ESD] >40 to 45 mm), atrial fibrillation, or pulmonary artery hypertension. Valve repair is considered reasonably low risk in asymptomatic patients with preserved LVEF, but the optimal timing of this procedure remains controversial (17) (18) (19) . Indeed, surgery always carries risk, even if it is small (an operative mortality of approximately 1%) (20, 21) , and the durability of valve repair is not guaranteed. The reported rate of recurrent MR (grade $1) accounts for 8.3% per year (22) , and the documented late progression to moderate or severe MR is approximately 7.7% (23) . Reduced LVEF is a powerful predictor of post-operative LV dysfunction and subsequent cardiac morbidity and mortality (24, 25) , but a marked drop in LVEF can occur after surgery, even when the pre-operative LVEF is normal (26) . The LVEF is often overestimated in the presence of MR, because it simply reflects the entrance and exit of blood in the LV. Therefore, LVEF may remain in the normal or supernormal range for long periods of time, even if alterations in contractility develop.
Therefore, the earlier detection of LV contractile dysfunction is of pivotal importance and favors the surgical correction of chronic MR in a timely manner, which theoretically restores normal LV function and life expectancy after surgery (26, 27) . Unfortunately, this target remains challenging, and the best predictors of post-operative LV function deterioration are subject to debate (28) . In a recent retrospective study of 335 patients with severe MR and preserved LVEF, Tribouilloy et al. (17) showed that the combined evaluation of pre-operative LVEF and LVESD had an additive value for the prediction of postoperative LV dysfunction, with the lowest frequency observed in patients with pre-operative LVEF $64% and pre-operative LVESD <37 mm. Even if these parameters can be obtained easily using standard transthoracic echocardiography, the sensitivity and specificity of these techniques were quite low (area Galli et al.
development of symptoms and a poor prognosis.
Moreover, exercise echocardiography can unmask latent subclinical LV dysfunction in patients in whom the LV is compensated at rest. The inability to increase LVEF or reduce the end-systolic volume with stress reflects the presence of an impaired contractile reserve, which influences prognosis and could be an indication for early surgery (29, 30) . These observations suggest the need to develop more sensitive indices of heart performance in patients with MR and to pay particular attention to those parameters that can indicate an early LV function deterioration. (31) . In a similar population, Agricola et al. (32) showed that a myocardial systolic velocity measured at the lateral mitral annulus (s 0 ) #10 cm/s was an independent predictor of $10% post-operative LVEF reduction, with a sensitivity and specificity of 90% and 85%, respectively.
LONGITUDINAL LV FUNCTION ASSESSMENT USING STE.
It has recently been suggested that imaging deformation detects subclinical LV dysfunction before the development of abnormalities using conventional measures of LV performance (16, 33) . GLS is a highly feasible and reproducible parameter with good intraobserver and interobserver agreements, and it is well correlated with LVEF estimated by CMR (34 
Galli et al. Galli et al. Details of the main cited echocardiographic studies are summarized in Table 1 .
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MITRAL STENOSIS
LV dysfunction is detected in approximately 25% of mitral stenosis (MS) patients (43) . The first studies conducted using LV catheterization showed that MS is associated with a reduction in pre-load, indexed LVEDV, and LVEF (44). The presence of an altered LV function in these patients was confirmed in later pioneer echocardiographic studies (45) and by several later surveys using TDI (46, 47 Abbreviations as in Figure 1 .
Galli et al. Details from the major echocardiographic studies are summarized in Table 2 .
AORTIC STENOSIS
AS is a growing health problem (1 vs. -13.6 AE 3.2%, p < 0.05) and normal flow-LG AS (-11.6 AE 3.4% vs. -14.8 AE 3.0%, p < 0.001). These patients also had an increased ventriculoarterial impedance, which confirms the presence of a greater hemodynamic impairment and LV dysfunction (68) . *STE was performed using EchoPAC (GE Vingmed Ultrasound AS). †STE was performed using Syngo Velocity Vector Imaging (Siemens Medical Solutions).
-¼ data were not available or that the category is not applicable. Tables 1 and 2 .
Nevertheless, the experience in this field remains limited. Moreover, the repeatability and precision of circumferential strain, rotation, and twist is currently restricted by the limited lateral spatial resolution and the presence of through-plane motion in the short axis. Future studies employing 3-dimensional STE may circumvent some of these limitations and require further consideration (75) . Details from the major echocardiographic studies are summarized in Table 3 . erate to severe AR. In this population, the GLS, peak systolic strain rate, and peak diastolic strain rate were significantly lower in patients who developed heart failure, but no differences in TDI parameters were observed. All speckle-tracking measures were significantly associated with outcomes regardless of the therapeutic approaches, and TDI velocities were associated with outcomes after AVR. In medically treated patients, a GLS of -18% was the best cutoff for the identification of disease progression, and a Figure 1 .
Galli et al. Tables 1 to 3 .
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Galli et al. Table 4 .
CONCLUSIONS AND FUTURE DIRECTIONS
VHD occurs less frequently than coronary artery disease, heart failure, or hypertension, but it represents a major health problem in Western countries, with an increasing prevalence in an aging population. As indicated by the results of the Euro Heart Survey, further efforts should be undertaken to reach an optimal adherence to guidelines in VHD in symptomatic and asymptomatic patients. Interestingly, a tendency toward early intervention in asymptomatic or mildly symptomatic patients was found in this survey, which reveals the need for studies aimed at identifying the effective benefits of an early surgery strategy.
This challenging perspective is of paramount significance if we consider that subclinical LV dysfunction-intrinsic myocardial dysfunction despite normal LVEF-in VHD patients may be present before the onset of symptoms, which portends a dismal prognosis.
All of these observations highlight the major need to use more robust parameters to assess LV function, particularly in the case of preserved LVEF.
Although some limitations were indicated previously, 2-dimensional STE longitudinal strain is highly reproducible and accurate and has proven to be clini- donal@chu-rennes.fr.
